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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a grain diameter 
distribution measuring device, capable of easily adjusting 
light intensity without generating an optical noise which 
adversely affects measurements. 

SOLUTION: In the grain diameter distribution measuring 
device for converting scattering light 4, generated by 
irradiating a sample to be measured 2 with laser light 3 
into an electrical detection signal to compute the grain 
diameter distribution of particles contained in the sample 
to be measured 2 on the basis of the detection signal, 
with the center of a diaphragm 30 for reducing the 
quantity of scattered light 4 is made to coincide with an 
optical axis L of an optical system 1, the diaphragm 30 is 
set at a location, so that the scattered light 4 and/or 
laser light 3 is a light 3f which is parallel with respect to 
the optical axis L. The diaphragm 30 in a minimum open 
state is formed larger than the incident beam diameter 
of the laser light 3. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the particle-size-distribution measuring device which computes the particle size 
distribution of the particle which changes into an electric detecting signal the scattered light 
which irradiates a laser beam and produces it in a measuring object sample, and is contained in 
said measuring object sample based on this detecting signal The diaphragm which decreases the 
quantity of light of said scattered light in the condition of having made the core in agreement 
with the optical axis of optical system The particle-size-distribution measuring device 
characterized by having installed in the location said whose scattered light and/or said laser 
beam are parallel light to said optical axis, and having formed said diaphragm in the state of the 
minimum opening more greatly than the diameter of incoming beams of said laser beam. 



[Translation done.] 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the new particle-size-distribution measuring 
device which prepared the diaphragm in the optical system which leads to a detector the 
scattered light which irradiates a laser beam and produces it in a measuring object sample. 
[0002] 

[Description of the Prior Art] In the particle-size-distribution measuring device using the 
dynamic light scattering by the laser beam, a laser beam is irradiated at the particle distributed 
in the liquid. In computing particle size distribution from the light scattered about by the particle, 
by inserting an extinction filter (it only being called a filter) into an optical path Since a high- 
concentration measuring object sample is irradiated, when it reduces the optical reinforcement 
of laser incident light or the scattered light to a detector has too strong optical reinforcement, 
reducing this optical reinforcement is performed from the former. For example, since the optical 
reinforcement of the scattered light condensed by the detector becomes strong when the 
particle diameter of the particle contained in a measuring object sample is large, the time when 
the concentration of a measuring object sample is high, and, in order to weaken the optical 
reinforcement, the filter is inserted into an optical path. 
[0003] 

[Problem(s) to be Solved by the Invention] On the other hand, the time when the concentration 
of a measuring object sample is low, when the particle diameter of a particle is small, for 
example, even if it upgrades laser incident light like a macromolecule, in a measuring object 
sample with the optical weak reinforcement of the scattered light, it is necessary to remove a 
filter from an optical path. Therefore, it may originate in filter dirt and the crack by filter removal 
actuation, and an optical noise may occur. 

[0004] Moreover, since the optical path length by optical refraction of a filter material changes 
by the case where there is nothing with the case where a filter is in an optical path, focal 
location gap may be caused. 

[0005] Furthermore, laser oscillation is made unstable with the laser return light by the filter 
front face, or there is a possibility of making an optical noise increasing by the scattered light 
[0006] This invention was made with careful attention to the above-mentioned matter, and that 
purpose is offering the particle-size-distribution measuring device which can adjust optical 
reinforcement easily, without generating the optical noise which has a bad influence on 
measurement. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
irradiates a laser beam at a measuring object sample. In the particle-size-distribution measuring 
device which computes the particle size distribution of the particle which changes the scattered 
light to produce into an electric detecting signal, and is contained in said measuring object 
sample based on this detecting signal The diaphragm which decreases the quantity of light of 
said scattered light is installed in the location said whose scattered light and/or said laser beam 
are parallel light to said optical axis in the condition of having made it in agreement with the 
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optical axis of optical system, in the core, and said diaphragm is formed in the state of the 
minimum opening more greatly than the diameter of incoming beams of said laser beam. 
[0008] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is 
explained, referring to a drawing. 

[0009] Drawing 1 and drawing 2 show the 1st operation gestalt of this invention that has 
installed the tris diaphragm which decreases the quantity of light of the scattered light in the eel 
unit section in the location whose scattered light from a measuring object sample is parallel light. 

[0010] In drawing 1 and drawing 2 , 1 is optical system which leads the scattered light 4 from the 
measuring object sample 2 which irradiates the laser beam 3 of constant frequency and is 
produced in the measuring object sample 2 to a detector 5. This optical system consists of the 
incident light optical system 8 which leads the laser beam 3 by which outgoing radiation is 
carried out from semiconductor laser 6 to a eel 7 and the outgoing radiation light optical system 
9 which leads the back scattered light 4 from the measuring object sample 2 to a detector 5 as a 
laser light source. 

[0011] 10 is the eel unit section in which a eel 7 is installed possible [ ejection ]. The eel 7 is 
held at the eel holder 1 1. Moreover, as a measuring object sample 2, various samples, such as a 
high-concentration undiluted solution sample, and dispersion liquid to an acid and an alkali 
solvent, dispersion liquid to an organic solvent, can be mentioned. Therefore, the eel 7 has 
adopted the glass thing. And since the Brownian-motion rate of the minute particle distributed in 
the liquid in the eel 7 may change with temperature sensitively, temperature management of the 
measuring object sample 2 is important, therefore the eel unit section 10 is constituted so that 
highly precise measurement which was equipped with the temperature control function and 
stabilized can be performed. 

[0012] It is the personal computer equipped with display 14a which displays the particle size 
distribution which calculated a signal transformation means by which 12 consists of pre amplifier 
and an A-D converter, and 13, by CPU, and calculated 14 by CPU13. 
[0013] Moreover, 15 is the hole vacancy mirror equipped with the hole 16 which has the 
magnitude which a laser beam 3 can pass, to the optical axis L, makes the include angle of the 
acute angle theta, and is installed so that the optical axis L of the incident light optical system 8 
may pass along the core of a hole 16. This hole vacancy mirror 15 has mirror side 15a in a 
detector 5 side at least. 18 is a pinhole to which laser beam 3a made into parallel light with the 
collimate lens 19 is led through the hole 16 of the hole vacancy mirror 15. In this case, it is 
condensed by the pinhole 18 with a lens 20. 21 is a lens which sets again to parallel light 3c laser 
beam 3b which came out from the pinhole 18 and spread. 22 is the condenser lens installed in 
the eel unit section 10, and has the function to make the measuring object sample 2 in a eel 7 
condense parallel light 3c. In addition, the hole 16 of the hole vacancy mirror 15 is slightly formed 
greatly rather than the magnitude of the path of the parallel light 3c and 3a, and has taken the 
configuration which is before and after passage of a hole 16, and does not change the total 
quantity of light of a laser beam 3. 3d is the condensed laser beam. Moreover, a condenser lens 
receives scattered-light 3from particle distributed in liquid e [refer to [ drawing 2 (A) and ] 
drawing 2 (B)] with the whole (the diameter D of a lens) lens, and also has the function made 
into 3f of dispersion parallel light as the scattered light which has the bigger path G than the 
path F of incidence parallel light 3c. 3f of this dispersion parallel light returns the optical path 
same to the hole vacancy mirror 15 as the time of incidence. Namely, 3f of dispersion parallel 
light is condensed by the pinhole 18 with a lens 21. Then, 3g of scattered lights which came out 
from the pinhole 18 and spread is again made into 3h of dispersion parallel light with a lens 20. 3h 
of this dispersion parallel light is reflected in the direction of a detector 5 (the direction of R) by 
mirror side 15a of the hole vacancy mirror 15, and this reflected dispersion parallel light 3i is 
condensed by the detector 5 with the condenser lens 23 for detectors. And by making into an 
electrical signal dispersion parallel light 3i detected with the detector 5, it changes with the 
signal transformation means 12, and data processing of this changed data is carried out by 
CPU13. 
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[0014] Hereafter, the characteristic configuration of this invention is explained. 
[0015] 30 is the tris diaphragm which formed the scattered light 4 from the measuring object 
sample 2 in the outgoing radiation light optical system 9 led to a detector 5, in detail, makes in 
agreement the core and optical axis L of a tris diaphragm 30, and is installed in the optical path 
of 3f of dispersion parallel light in the eel unit section 10. A tris diaphragm 30 has the function to 
decrease the quantity of light of 3f of dispersion parallel light 

[0016] Said tris diaphragm 30 has the adjustable opening 31 in the center. This adjustable 
opening 31 is constituted so that it may open and close in the shape of an approximately 
concentric circle, but also in the state of the minimum opening as shows the adjustable opening 
31 to the condition made the smallest or [ that is, ] drawing 2 (C), it has the composition that 
minimum opening 31a of the diameter of several mm is maintainable so that the adjustable 
opening 31 may not carry out a close by-pass bulb completely to a core. As the magnitude of 
this minimum opening 31a is shown in drawing 2 (C), rather than the diameter of the flux of light 
of said incidence parallel light 3c from semiconductor laser 6, it is set as size, and a tris 
diaphragm 30 functions as the total quantity of light of said incidence parallel light 3c being 
maintainable before and behind a tris diaphragm 30. 

[0017] In addition, in drawing 2 (C), the adjustable opening 31 shown with the two-dot chain line 
shows the maximum-mandibular-movements condition when opening the adjustable opening 31 
most greatly. This maximum-mandibular-movements 31b is shown in drawing 2 R> 2 (A). On the 
other hand, drawing 2 (B) shows the condition of having extracted the adjustable opening 31, 
and, thereby, only the part which made small the diameter of the flux of light of 3f of dispersion 
parallel light is known by that the total quantity of light is reduced. 

[0018] two or more variation rates prepared in order that 33 might form the adjustable opening 
31 which has magnitude predetermined by the manual operation of a lever 34 — a member — it 
is — each — a variation rate — a member 33 supports pivotably respectively possible [ linkage 
with a hinge (not shown) ] — having — **** — two or more variation rates by the manual 
operation of a lever 34 — it displaces so that a member 33 may open and close the adjustable 
opening 31 to coincidence. In addition, said tris diaphragm 30 can be manually operated because 
said tris diaphragm 30 is installed in the eel unit section 10 which not the optical system 1 but 
the measuring object sample 2 consists of possible [ exchange ]. 

[0019] When **(ing), changing the measuring object sample 2 to a high-concentration thing from 
a low-concentration thing and the concentration of the measuring object sample 2 is too high as 
shown in drawing 2 (B) Since 3f of said dispersion parallel light which is the scattered light from 
the measuring object sample 2 has too strong optical reinforcement, it changes into the 
condition which the adjustable opening 31 of a full open condition in case the measuring object 
sample 2 as shown in drawing 2 (A) is low concentration is extracted, and shows in drawing 2 (B), 
and measures. 

[0020] On the other hand, since 3f of dispersion parallel light has taper reinforcement when the 
concentration of the measuring object sample 2 is low as shown in drawing 2 (A), where it did not 
need to extract the adjustable opening 31 and the condition of said maximum-mandibular- 
movements 31b is maintained, it can measure. In this case, since 3f of scattered lights can be 
dimmed and a filter is not used like before, leaving a tris diaphragm 30 to an optical path, the 
optical noise from the dirt of the filter resulting from a filter, a crack, and a filter front face, and 
focal location gap and the effect according to return light further can be lost. And the diameter 
of the flux of light of 3f of dispersion parallel light, i.e., the quantity of light, can be easily adjusted 
only by operating manually the lever 34 of the tris diaphragm 30 currently installed in the eel unit 
section 10. 

[0021] By the way, in the particle-size-distribution measuring device shown in drawing 1 , 
although it cannot measure to measure the measuring object sample 2 of concentration which 3f 
of dispersion parallel light which has too strong optical reinforcement generates and which is too 
high, without using a tris diaphragm 30 temporarily if the measuring object sample 2 is not 
diluted, by this invention, it has the advantage which can also save the time and effort of that 
dilution. 

[0022] Drawing 3 shows the 2nd operation gestalt of this invention the diameter of the flux of 
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light of the scattered light was made to be made to adjustable automatically [ it is difficult and ] 
as for manual operation. In addition, in drawing 3 f the same thing as the sign shown in drawing 1 
and drawing 2 is the same or a considerable object. 

[0023] It sets to drawing 3 , and a tris diaphragm 30 makes in agreement the core and optical 
axis L of a tris diaphragm 30, and is installed in the optical path of 3h of dispersion parallel light 
between said lens 20 and the hole vacancy mirror 15. 

[0024] In this case, although it is difficult to make adjustable manually the diameter of the flux of 
light of 3h of dispersion parallel light like the operation gestalt of the above 1st since the tris 
diaphragm 30 is installed in optical system 1 With this operation gestalt, since the diaphragm 
automatic regulating valve 40 which outputs the signal which makes adjustable adjustable 
opening 31 of a tris diaphragm 30 to the actuator (not shown) which drives two or more 
displacement members is formed, diaphragm adjustment can be performed automatically. 
[0025] In addition, as a modification, as the alternate long and short dash line showed drawing 3 , 
what formed the tris diaphragm 30 which formed said drawing automatic regulating valve 40 
between said hole vacancy mirror 15 and the condenser lens 23 for detectors can be mentioned, 
and reliable data can be obtained even in this case. 

[0026] Also in the case of side-way scattering light, this invention is applicable although each 
above-mentioned operation gestalt showed the case of a back scattered light. 
[0027] Drawing 4 shows the 3rd operation gestalt of this invention that the core of a tris 
diaphragm 30 and optical-axis L' were made in agreement with the optical path of dispersion 
parallel light 3j which is side-way scattering light, and installed the tris diaphragm 30. In addition, 
in drawing 4 , the same thing as the sign shown in drawing 1 - drawing 3 is the same or a 
considerable object. 

[0028] With this operation gestalt, said tris diaphragm 30 is installed not in the optical system 1 
but in the eel unit section 10. 23 — ' — a liquid — inside — having distributed — a particle — 
being scattered about — having had — side-way scattering — light — three — j — ' — 
condensing — parallel — light — three — j — ** — carrying out — a sake — a lens — 23 — ' 
— ' — said — side-way scattering — parallel — light — three — j — a detector — five — 
condensing — a sake — a detector — ** — a condenser lens — it is . Said condenser lens 23' 
and 23" are also installed in the eel unit section 10. 

[0029] In addition, although each above-mentioned operation gestalt showed the thing using the 
tris diaphragm 30 which has the adjustable opening 31 which can be extracted in the shape of an 
approximately concentric circle as a diaphragm which decreases the quantity of light of the 
scattered light The diaphragm 53 constituted so that the magnitude of the opening 52 formed 
between the perpendicular edges 51 of the displacement member 50 of a pair as shown in 
dramng_5 could be adjusted, The diaphragm 63 constituted so that the magnitude of the opening 
62 formed between the concave edges 61 of the displacement member 60 of a pair as shown in 
drawing 6 could be adjusted can be used. 

[0030] Moreover, although each above-mentioned operation gestalt showed the thing which 
decreases the quantity of light of the scattered light using the tris diaphragm 30 as a diaphragm 
The diaphragm 53 constituted so that the magnitude of the opening 52 formed between the 
perpendicular edges 51 of the moving-part material 50 of a pair as shown in drawing 5 could be 
adjusted, The diaphragm 63 constituted so that the magnitude of the opening 62 formed between 
the V-like edges 61 of the moving-part material 60 of a pair as shown in drawing 6 could be 
adjusted can be used. 

[0031] Moreover, the diaphragm was installed in the location the scattered light and/or said 
whose laser beam are parallel light by this invention for the flux of light of said parallel light 
avoiding that diffraction scattering of the part is carried out according to a diaphragm. 
[0032] 

[Effect of the Invention] In this invention, since the diaphragm was prepared in the optical 
system which leads to a detector the scattered light which irradiates a laser beam and produces 
it in a measuring object sample, it can dim maintaining the dependability of data without being 
influenced of a noise etc., and particle-size-distribution measurement of a more high- 
concentration measuring object sample is enabled. 
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[0 0 19] MLT, ail«*f*l*S2*fflcaS©t,©^ 
&*ft*©fc©fcAtlt»**»&fc:&VvC, 02 (B) 

(c^-r <fc 5 imizttmm 2 ©ram- *r* * (4, 
10 S!i®^am2^6©starfefe5i9iai[a¥fm3 f 
«qirt-«f*j(fiaiut** r r«j:fc^6» 02 ca) kw* 

* 5 KMfetimm 2 *NBm©«&ettt*S£P»Kft 
©Rl^PBP3 l£&oT02 (B) fcjj*rtt*fcLT* 

[0 0 2 0] 02 (A) (C^Ti^t, 98£jttft 

K»2©rawsv^*i*, m&yftm umt^m 

!B«*B§P3 1 b©ttft«»*bfe««TfWST?**. 
a&, 7-* > ;i/*fc@Hbfc7-<';i>*©mi, *X, 7-r/l/ 

^affi^6©«/-fx^ jiusftsxb, wca, mt> 

y hsi ortKiwshT^siaagRO 3 o©w<— 3 
4 ttwmm % mfx-mmicmmnft 3 f <dkm 

[0021] 01 K^bfci&^^ai^gM 
efe^r, «t«D»«»)3o*fflv»«j:i:a<!irr** 
mt&*m?zwinmm 3 f w^-r * * 5 &irr * 
30 5 m&<DMi&m%m zzmmL tc^m^, mmmm 

*©fHR©*nB%*B"**W**1-* 0 
[0 0 2 2] 03(4, #«Sl^t4HJi-Cii!l"eica3t© 

3Bna*^«fcT?# * xoichtcc o>$m<om 2 ©uss 

Jg**wf. fcfe» 03CfeVT, 01, 02(C^-T^P 

^i:ii-©fe©(4, ra-sfcttffia*-e»*. 

[0 0 2 3] 03(CfeV^T, !tt^iK!3 3 0(4, MIBb^ 
X2 0**tf^JB*55-l 5|HHc*tt*aSSL¥ff)e3 
h©^(CjOB^t) 3 0©^fc««L*HR«-&T« 
40 B$tlTV>«o 

[0024] d©^, <mmzo\t, xmk\fo\c 
mm.* *it^5©t-, ±Em 1 ©*Mi© «fc 5 ic^ft 

■ettft¥fift3 hOJttftgftflBEfc-rsctttBffllT?* 

c©ft«0gjin?tt, «DHg«»>3o©BneBBpa53 
fai-^ (0^-e-f) (cm^*rstSEt)SSiiiffli#4o 
[0025] a*, mmmtLx, m\03^x. 

«ftlfwbfc * 5 (c, fflBRO g»^S# 4 0 «»ttfe 
50 3 0*IDC?t**59- 1 5*5<fctf&!ii#gfflft 



(4) 



#132 0 0 2-5 8 1 3 



5 



ii-a-c-fe, flBBtt©a5*7^**»*ci:««T?#*. coo3i] *ft. coaun?, «a3t**ff 

[0 0 2 7] 04fci, fKflRa****«SLW*3 j tlZ<DZ®M?ZrctbX*&Z 0 

<D%.f&teia&®*) 3o<D^v>tm&L' ^-gts-etar [0032] 

mm t> 3 0 tfc d ©rwos 3 ©n»s** [ssub©^] c ©aw^ti. weattwwsfc ir-wt 
©*>©«, ra-sfcttffia«n?**. /wxft2©£«*3tfsci:ft<T- 

[0 0 2 8] COHSBeiTCfck W8B*DK«0 3 0tt3tt 10 *Offl*tt*iSi , 6*tf6»tT?*> J: 9 H«g©$l5£tt 

¥X l T?ttft< 1>35 l 0 rtfcRBSnTV «*W««tt8^*ai€*^r«K"P**o 

§ c 2 3' «\ |«W»K»»tft«TCJ:D«a*tife [0ffi<Dffimftii$] 

ffc5f*S3tt3 j ' ^^LTTfi^S j tlTZtzVXDls [0 1 ] C©fS$©^ 1 ©*SBB»*ziCr£(HII*BW 

2 3* ' it. WE»5«ftTff*3 j «IIH»5 0-efcSo 

t»jtr*fe»o*ffl»ffliiyttuvx , ?f**. MfBiiift [02] (a) jjB*MBS«fci5V"'Tffii«ows 



5rT^58P3 1 *frr«ffl^iKt) 3 OfcfflVfcfc©** 20 T?&3o 

Lfctf, H5fcaW*5a— #OSEtt9*r50©SlIx [03] c©5MH0«2©*fl0&«*w*£fl**KW 

J:5K«J«*tlfelSl0 5 3^ 06lC^-r*3ft-M© [04] C©«WOjR3 0SaiHeiR«w5"^***KflH 

*ffi»W6 0OiattXy^6 HBHCjft**tt*llne2 ®T*&5o 

[o o 3 o] sfc, ±B«*SBgtti?«, issDt<wiHi [06] cemrcm^it&tofmBBmtotetmv 

Xy^5 1IBlC»*«n*PP5 20**«*IMret 30 1 2HWJStf*»Wk 3-1/— 9%. 3f- 

**5fc*J*Snfc»*>5 3 , f\ 06fc*3\fc3ft-*t m 4-*Sdk 5-*WHHk 6~¥»*U-* 

©BJfjgW6 0©VttxyS>6 llBHC«J*«n*llP6 3 0-tt9« L-ftffe 
2 5 fc*J*«nfctt»> 6 3 *M * 



[0029] ft*?, ±mznmmm-?&. myt<oftm 



(b) h\ ±iai^*K43v^r*m©«sBt«am 
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[05] 



[06] 
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